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Abstract
Objectives:
To determine the frequency and immediate outcome of acute neurologic complications (ANCs) in
children undergoing congenital heart surgery (CHS).
Materials and Methods:
In this retrospective study, all patients undergoing CHS at our hospital from January 2007 to June 2016
were included. Patients were followed up for the development of seizures, altered level of
consciousness (ALOC), abnormal movements, and stroke. Results are presented as mean with standard
deviation and frequency with percentages.
Results:
Of 2000 patients who underwent CHS at our center during the study, 35 patients (1.75%) developed
ANC. Seizures occurred in 28 (80%), ALOC in 5 (14%), clinical stroke in 2, brain death in 6 patients.
Antiepileptic drugs (AEDs) were started in 32 patients, of which 13 patients required more than one
AED. Mean length of stay was 10 ± 7.36 days. Of 35 patients who developed ANC, 7 expired during
the study.
Conclusion:
Neurological complications are scarce but significant morbidity after CHS at our center.
Keywords: Acute neurological complications, congenital heart surgery, outcome
INTRODUCTION
Congenital heart defects (CHDs) are the most common types of birth defects accounting for 1/3  of
the all major congenital defects.[1] Most of these defects require surgical correction in early childhood.
With the increasing number of survivors after these complex surgeries, neurological abnormalities are
increasingly being recognized.[2] The cardiopulmonary bypass (CPB) circuit has undergone
rd
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tremendous growth and there is a robust implementation of neuroprotective strategies in the
intraoperative and critical care. This has led to a decrease in the neurological morbidity.[3] The
variability in outcome is not only related to procedural factors, but patient-specific factors have also
been identified.[4] Several etiologies have been proposed including microembolization, hypoxia, hypo-
and hyper-perfusion, and biochemical disturbances that ultimately lead to neuronal damage.[2]
Previous studies have shown seizures to be the most common neurological complication in these
patients with neurological injury occurring in 5%–25% of children undergoing open-heart surgery for
congenital heart diseases.[5,6,7] Other neurological symptoms include altered consciousness, abnormal
muscle tone, hemiparesis, organic mental syndromes, dyskinesias, gaze palsies, and personality
changes.[3]
In developing countries like ours, data on immediate neurological outcome after repair are scarce, and
in the absence of advanced technologies such as continuous electroencephalogram (EEG) and near-
infrared spectroscopy that is being routinely used, it cannot be picked early. The aim of this study was
to determine the frequency of the neurological morbidities in our Pediatric Cardiac Intensive Care Unit
and their outcome.
MATERIALS AND METHODS
Medical records of all patients who underwent congenital heart surgery (CHS) at our hospital from
January 2007 to June 2016 were searched to see patients who developed acute neurological
complication after approval from the hospital’s ethical review committee (4351-Ped-ERC-16). Our
CHS program consists of 4 pediatric cardiologists, 1 congenital cardiac surgeon, 3 pediatric
intensivists, and 3 pediatric cardiac anesthesiologists. Our Pediatric Cardiac Intensive Care Unit
(PCICU) is a 4-bedded unit with round-the-clock physician coverage. Average 200 CHSs are
performed per year at our hospital. Majority of these are septal lesions and tetralogy of fallots.
Neurological consultation by pediatric neurologist is available as and when needed. There is no facility
of extracorporeal life support at our center. Data were also checked from log book of PCICU where
robust data of all these patients are also maintained to avoid missing any data. All patients aged 1 day
to 16 years who had undergone CHS with CPB were eligible for the study. This age was chosen as
many patients present to us very late. The data were collected on a structured pro forma and included
demographic information (age, gender, and so on), clinical variables including cardiac diagnosis,
surgery type (on CPB/off CPB), intraoperative data including the duration of CPB and aortic cross-
clamp time (in minutes), circulatory arrest, previous neurological problem, current neurologic problem
(seizures, altered sensorium, abnormal movements, stroke), Glasgow coma scale (GCS), EEG findings,
radiological investigations (computed tomography [CT]/magnetic resonance imaging [MRI]), and
serum electrolytes. Outcome variables included the patient being alive or expired on discharge, length
of stay, and Glasgow coma outcome scale on discharge. Seizure was defined as either focal motor,
generalized, or subtle (constituted by a sudden and paroxysmal increase in blood pressure, heart rate, or
pupil size, unexplained by medication changes, pain, or hemodynamic modifications, in a paralyzed
and intubated child whose movements would be impossible to observe).[3] EEG was not included in
seizures definition as EEGs are done after clinical suspicion and almost all patients receive
antiepileptic on clinical suspicion before the EEG is available. Abnormal movements were defined as
any unwanted excess movement. This included chorea, athetosis, dystonia, and tremors.[8] Stroke was
defined as either cell death in brain and spinal cord that is attributable to ischemia depending upon the
pathological imaging or other objective evidence of cerebral or spinal cord ischemic injury in a defined
vascular distribution. Also, clinical evidence of cerebral or spinal cord ischemic injury based on
symptoms persisting ≥24 h or until death, when other etiologies have been excluded.[9] GCS <12 was
considered as altered level of consciousness (ALOC). Vasoactive inotropic score (VIS) was calculated
as described by Gaies et al.[10] Data were entered and analyzed using Statistical Package for the Social
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Sciences (SPSS) version 20.0. Results are presented as frequencies with percentages and mean with
standard deviation. Chi-square test was applied to determine the association of different factors with
mortality.
RESULTS
A total 35 (1.75%) patients developed acute neurological complications among a total of 2000 patients
who underwent CHS at our center. Median age of the participants was 19.5 months with interquartile
range of 57 months while 67 (47/70) were males [Table 1]. Cyanotic congenital heart disease was
present in 23 patients, 12 patients had single ventricle, and all patients had their surgery on CPB pump.
Mean length of stay was 10 ± 7.36 days. Seven patients (20%) who developed neurological morbidity
expired during the study versus a total of 135 patients (6.7%).
Table 1
Basic demographic and clinical characteristics of the study subjects (n=35)
Among the neurological morbidity observed, seizures were observed in 28 (80%), 5 (14%) had ALOC,
2 patients had stroke, and 6 (8.5%) patients developed brain death. EEG was done in 33/35 patients
while CT scan brain was done in 10 patients which showed bleed in 2 cases and infarct in 2 other cases
while MRI was done in another 10 patients which revealed infarct in 4 patients, bleed in 4 patients, and
global ischemia in another 2 patients. Antiepileptic drugs (AEDs) were started in 32 patients and
among these 13 patients required more than a single AED [Table 2].
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Table 2
Open in a separate window
Spectrum and frequency of acute neurological complications in children who underwent
congenital heart surgery
CPB time, VIS, and history of cardiopulmonary resuscitation during or after surgery were associated
with death (P < 0.05).
DISCUSSION
The significance of neurological complications in corrective cardiac surgeries has been highlighted for
many years.[11] In our study, the overall frequency of acute neurological complications was 1.75%
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with seizures being the most frequent complications with a frequency of 1.4% which is similar to that
reported by Menache et al., but <9%–32% reported by earlier retrospective series.[3,5,12] This shows
that as the intraoperative techniques are improving, neurological complications are decreasing. EEG
showed seizures in only four patients while other showed slow background activity, i.e., theta and delta
waves. This is probably due to early suspicion, initiation, and aggressive control of seizure by of AED
in these patients. The decision to do an EEG in our unit is done in accordance with consultation done
with a pediatric neurologist who is available round the clock. Seizure control was achieved with single
AED in 27% of our patients while Messinger et al. showed that 50% of their patients required single
AED.[6]
We observed hemorrhagic and ischemic stroke in 2 patients each, 5 patients had ALOC, and 6 patients
fulfilled brain death criteria. Out of these six patients, two patients had extensive intracerebral bleed in
postoperative period and two patients had infarction on their radiological imaging. Infarct in these
patients has been described to be due to micro- or macro-emboli as shown by Bellinger.[2,13] Bleeding
in these patients postoperatively could be due to coagulopathy after CPB.
With the advancement of intraoperative techniques, risks of these complications have decreased
considerably. We did not observe any abnormal movement probably as most of the patients were on
sedative medications.
Our study has demonstrated that increasing CPB time and VIS are significantly associated with
mortality in this patient cohort. Over the years, improvement in surgical outcomes has been observed
due to improvement in CPB strategies. CPB causes a complex inflammatory response and alters many
inflammatory biomarkers correlating with tissue damage.[14] The extended duration of circulatory
arrest was found to be associated with increased risk of delayed psychomotor development and
neurologic abnormalities at 1 year of life by Bellinger et al. Increased inotropic score was also
identified as a risk factor in our study while Madhok et al. in their study showed that increased
inotropic support led to elevated proinflammatory cytokines and decreasing the oxygen supply into the
tissues thus increasing the morbidity.
In our study, a significant association was found between the length of stay and neurological
complications highlighting the impact of these morbidities on resource utilization and outcome. In
addition, seven patients died among cohort who developed neurological complication (20%) against an
overall mortality of 6.7% during the study.
Our study has the limitation of being a retrospective, single-center study with small sample size and we
could not follow the patients who survived after hospital discharge for their long-term outcome.
Another limitation of our study is the less number of neonates and infants as we have not started
neonatal cardiac surgery program yet. Nevertheless, we think it is a very comprehensive report on acute
neurological from a developing country.
CONCLUSION
Perioperative neurological complications are scarce but a significant problem after CHS at our center.
Studies on long-term outcome of these patients from our part of the world are needed.
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